Abstract: The aim of this paper is to study the effect of fibre content on mechanical and morphological properties and thermal stability of roselle fibres (RFs) reinforced polyurethane (TPU) composites. The RF/TPU composites were prepared at difference fibre contents; 10, 20, 30, 40 and 50 wt% by melt mixed mixer and hot press at 170 o C. Mechanical (tensile, flexural and impact strength) and Thermogravimetric analysis (TGA) properties of RF/TPU composites were measured according to ASTM standard. Obtained results indicated that effect of fibre contents display improved tensile and flexural and impact strength properties. RF/TPU composites show the best mechanical and thermal properties at 40 wt% roselle fibre content. Scanning electron microscopy (SEM) micrograph of fractured tensile sample of the roselle composite revealed good fibre/matrix bonding. TGA showed that RF/TPU with difference fibre contents had improved thermal stability.
Introduction
Natural fibre have shown a good performance in terms of mechanical and physical properties such as flexibility, stiffness, renewability, light weight and biodegradability [1, 2] . Natural fibres can be obtained in abundance, they are non-abrasive to the equipment and they need less energy for processing [3] . Using natural fibre as reinforcement in composite material requires obtaining excellent interface adhesion between fibres and matrices. Natural fibers such as kenaf, banana, oil palm and hemp are now in high demand in industries because they are renewable, recyclable and biodegradable and their use in place of glass fibres, which normally can cause harmful effect on human and the environment [4] [5] [6] . Geographical distribution of tropical natural fibres such as sugar palm, oil palm and roselle can be found in the South East Asian region such as in Malaysia, Thailand, Myanmar and Indonesia [7] .
There are varieties of natural fibres that can be obtained from the nature, which have been explored for the purpose of making polymer composites as reinforcements. One of these fibres is roselle fibre. Roselle fibre was reported to have properties closely related to jute fibres. Roselle is also known as Sabdariffa, which name was derived from the Turkish words. The scientific name for this roselle is Hibiscus Sabdariffa L. This tree is classified in the group of hibiscus and easily found in tropical areas [8] . Roselle plant is not only used fruit (for food or medical purposes) but its bast fibre is also used to produce the ropes, jute and textile [4, 8, 9] . Roselle fibres (RFs) are coarse and inflexible but they demonstrate good tensile strength, good durability and good resistance to deterioration of sea water and also RFs gave higher impact on the mechanical properties of composites when incorporated [10, 11] .
Thermoplastic polyurethane (TPU) is a preferred choice of polymer to produce engineering products because it has good physical and chemical characteristics, such as good mechanical properties, and good resistance to oil, grease and abrasion. Technically, TPU is a polymer consisting of linear chains which are divided into hard and soft segments of the copolymer [12] [13] [14] . These properties joined to each other between segments flexibility, rigidity aromatic unit, chain stuck, orientation segment, hydrogen bonds and other molecules. TPU can be processed with extrusion, injection, blow and compression molding equipment. Besides that, TPU can be vacuum-formed or solution-coated and is well suited for a wide variety of fabrication processes. There are previous studies reporting on TPU composites used with several different fibres, for instance TPU reinforced with synthetic fibres such as glass [15] and carbon fibre [16] , with other natural fibres such as curaua fibre [17] and kenaf fibre [18] . It is clear from the literature that no study has been carried out on RF/TPU composites. The aim of this paper is to study the properties of roselle fibre reinforced TPU composites with differential fibre contents (10, 20, 30, 40 and 50 wt%). Tensile strength, tensile modulus, flexural strength, flexural modulus, impact strength, morphological study (SEM) and thermogravimetric analysis (TGA) of RF/ TPU composites were examined. *Corresponding author: sapuan@upm.edu.my
Experimental

Materials
RFs had been collected from roselle plantation in Mersing, Johor, Malaysia. The RFs was extracted using the water retting process for 14 days. The retted stem of roselle plant was washed into water and fibres were removed manually. The RFs were cleaned and then dried under the sunlight for 24 hours. Then, the RFs were crushed and sieved using an automatic sieve shaker. The range size used is 300-425 µm of fibre length was fixed throughout the study. Figure 1 shows the RFs after water retting.
TPU was supplied in pellet form with density of 1.10 g/cm by Pultrusion Sdn. Bhd. and was used as the polymer matrix.
The characteristic TPU are shown in Table 1 . This was obtained from the test has been done on TPU.
Sample Preparation
RFs/TPU was prepared using Brabender Plastograph internal mixer at 170 o C for 15 minutes. After the mixing process, the samples were formed into sample sheets using hot-pressed and preheated for 10 min at 170 o C. Then, the samples were full pressed at 170 o C for 3 min. Finally, the samples were cool-pressed for 5 min.
Mechanical Testing
Tensile Test The tensile test were conducted according to ASTM D-638 at the temperature of 23±1 (1)
Scanning Electron Microscopy (SEM)
The morphology of the fractured tensile was examined under scanning electron microscope (SEM) model Hitachi S-3400N.
Thermogravimetric Analysis (TGA)
The thermal properties in composite are practically significant for studies related to temperature. It is important to determine the degradation of natural fibres. TGA tests were carried out using Q series thermal analysis machine model TA Instrument (TGA Q500). Analysis was carried out in the temperature range of 30 to 600 
Results and Discussion
Tensile Properties
In general, the fibre contents play a major role in the mechanical properties of the composites. The researchers gave particular interest to the effect of fibre contents on the polymer matrix to obtain good quality composites [3, 19] . Figure 2 demonstrates the tensile properties of RF/TPU composites at different fibre contents (10, 20, 30, 40 and 50 wt%). The overall trend shows that the strength and modulus increased with the increase of fibre contents. The increase of strength and modulus might be attributed to several factors such as good adhesion between fibre and matrix, less micro-cracking and less void. The 10 wt% fibre content showed the lowest strength and 40 wt% fibre content showed the highest strength and modulus. The higher value .94 MPa (10 wt%). The 40 wt% fibre content gave the highest strength compared with other fibre contents, which might be attributed to better interfacial bonding between fibre and matrix, and uniform stress transfer due to good fibre dispersion that prevent stress concentration RFs embedded in matrix [20] [21] [22] . In addition, it might be due to uniform fibre dispersion and orientation. In composites, fibre dispersion and orientation are very important and these can improve the mechanical properties. Chandramohan and Marimuthu [23] reported that the strength of composites was dependent on fibre concentration, fibre aspect ratio, fibre-matrix adhesion, fibre orientation and fibre dispersion. Lower strength occurred due to the lack of ability of fibres to transfer the load to other fibres and stresses accumulated at specific locations within the composites. For higher fibre contents, matrix cannot wet and fill the fibres completely because of high fibre content. SEM studies were carried out to evaluate the fibre/matrix interactions. SEM allowed an overview of the structure of the composites and the study of the fracture behaviour of composites as well. In morphological analysis, the morphological changes occur depending on the interfacial bonding between different fibres contents and polymer matrix. Figure 3 shows SEM micrograph at 50× magnification of fractured tensile with different fibre contents RF/TPU composites. The figures show the distribution of fibres and with the increase in fibre contents, the stresses on the composites were also increased. Besides, it can be seen that good interfacial bonding between fibre and matrix interfaces at higher fibre contents. From Figure 3 (b) to (d), it can be seen that there were fibre pullouts and poor interfacial bonding. These failures contributed to the decrease in tensile strength at lower fibre contents. Singha and Thakur [24] reported that the low fibre and high polymer matrix contents resulted in the situation where the interfacial bonding between fibres and matrix to become weak and they also decreased the mechanical properties of composites. For the case of high fibre contents, the fibres were agglomerated in the matrix, which led to the decrease in mechanical properties. Therefore, the intimate mixing of 40 wt% fibre content produced high mechanical properties due to the better interaction and good adhesion between roselle fibres and the polymer matrix. Figure 4 shows the strength and modulus of RF/TPU composites at different fibre contents (10, 20, 30 , 40 and 50 wt%). The results show similar trend with the tensile tests where strength and modulus increased with the increase of fibre contents. The 40 wt% fibre content showed the highest strength where the value for the highest strength is 14.82 MPa and modulus values is 299.27 MPa, which might be attributed to the fact that the fibres and the matrix have good adhesion and good wettability. At low fibre content of 10 wt%, the value of strength is 4.48 MPa and modulus is 53.43 MPa. Low performance might be caused by poor bonding at low fibre content. By increase the fibre contents, the flexural properties increased up to 40 % of fibre content and then, the flexural properties decreased and this may be due to poor wetting of the matrix resin to the fibres [25, 26] . All composites had shown effective stress transfer and interaction effect between the fibres and the matrices.
Flexural Properties
Impact Testing
Impact strength is defined as the ability of a material to resist fracture when stress is applied at high speed. The impact strength of the composites is influenced by several factors such as adhesion between fibre/matrix, fibre properties fibre pull-out, fibre de-bonding and fibre/matrix fracture. De-bonding may occur if applied load is applied excessively on the composites. De-bonding normally occurs between the fibre/matrix interfacial bonding. The fibres were broken when the applied load exceeds the fibre strength [5, 27, 28] . In this situation, the broken fibres can easily be pulled-out of the matrix, which involves energy dissipation.
In this study, the effects of different fibres contents and neat TPU on the impact properties of roselle fibre reinforced TPU composites were evaluated. The effects of different fibre contents on impact properties are illustrated in Figure  5 . The impact strength of RF/TPU composite was initially found to increase with the increase in fibre contents and then showed a marginal decrease. The experimental results for 30 wt% of fibre content showed the highest strength is 22.22 kJ/m 2 . For low fibre contents, fibre mechanism did not play a role to absorb impact energy and the amount of localized deformation fibre ends is too small. At higher fibre contents, the impact strength decreased and this might be a failure due to the fibre contact and fibre breakage. Fibre interaction decreases the load transfer between fibre and matrix. This contributes to the decrease in the impact strength at higher fibre content. In general, incorporation of fibres as reinforcing materials is a major factor for the increase in the impact strength of the composites. However, the strength might fall with further increase in the concentration of fibres.
Thermogravimetric Analysis (TGA)
Natural fibres composites should be examined in terms of heat resistance and thermal stability to observe and to prevent these materials from being damaged when they were exposed to several temperatures. In addition, it is to ensure that natural fibres can withstand certain level of temperature during service. Approximately 5 mg of roselle fibres was used to evaluate the thermal behaviour.
Generally, there are four phases in the thermal degradation From the graph, the RFs composites have more moisture content in lower onset and peak degradation temperature. The second stage is the decomposition of lignocellulosic components of hemicelluloses. This stage occurred on hemicellulose when the temperature was increased, where hemicellulose chains damaged when exposed to high temperatures [4] . From the TGA graph, second degradation phase temperature was observed, which was occurred in the range of 332 and 340 o C and the third degradation phase temperature was in the range of 389 and 403 o C. Third degradation phase was more to decomposition of lignin followed by cellulose, lignin, and ash occurred after the decomposition of hemicelluloses [30, 31] . This temperature was determined according to the maximum decomposition rate represented by the peak of the curve. Table 2 shows the results of thermal degradation analysis of neat TPU and RF/TPU composites at different fibre contents. It was observed that the char residue percentage recorded by neat TPU (2.437 %) is the lowest char residue percentage compared to RF/TPU composites at different fibre contents. The high char residue percentage is 11.95 % at 40 wt% of fibre content.
Conclusion
The effect of the increase in roselle fiber contents on mechanical and thermal properties of RF/TPU composites was investigated in this study. Mechanical testing of the RF/ TPU composites showed that the tensile and flexural properties were improved and impact resistance was reduced at higher fibre contents. In the thermal degradation analysis of all composite samples, fibres showed simillar degradation trend. In the range of 350-500 o C, all RF/TPU composites showed better thermal stability compared with neat TPU. From TGA results, RF/TPU composites with 40 wt% roselle fibre content showed the highest thermal stability compared with other composites at different fibre contents and the char residue value was 11.95 %. The results obtained confirmed that 40 wt% of roselle fibre content is the most appropriate fibre content to be used in TPU composites. 
